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RESULTS OF AN INVESTIGATION OF THE ACOUSTIC AND 


TUNNEL (MODEL 81-0, TEST OS8A AND B) 


by 
R. B. Kingsland, Rockwell International 


ABSTRACT 


EEE ON Oe DET ee WORE 


Results of tests OSSA and B and pertinent test and model information 
are presented in this report. The test was conducted in two parts. 
Test OS8A was performed in the NASA/ARC unitary 1l-foot section from July 
11 through 17, 1974 and OS8B was conducted in the NASA/ARC unitary 9 x 7 
tunnel from July 19 through 29, 1974. Test objectives were to investigate 
thermal protection system (TPS) tile sensitivity to extreme pressure 
gradients and vibration and to define the TPS aerodynamic environment. 
The model utilized for 0S8 was a full-scale representation of a portion 
of the space shuttle orbiter lower wing carry-through structure forward 
of the aft tank strut and propellant lines. Thermal protection tiles 
were simulated oh the thodel. The model was instrumented with static 
pressure orifices, accélerometers, and dynamic pressure transducers 
(Kulites). A total pressure rake was utilized to obtain boundary layer 


surveys. 
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3. (Cont'd. Model photographs. 
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Layer Rake in the Forward Position and 
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NOMENCLATURE 


DEFINITION 
1th accelerometer 
Ames Research Center 


position of boundary layer rake on model, 
1 «= forward, 2 = aft, O = bleed 


local pressure coefficient at station i 
dynamic pressure transducer at station i 
freestream Mach number 

pressure in acoustic box, psia 

local pressure at station i, psia 
local static pressure, psia 

freestream total pressure, psia 

total pressure at station i, psia 
freestream static pressure, psia 
freestream dynamic préssure, psia 

unit Réynolds number, per foot 
freestream static temperature, OR 


total pressure measured dat station i on 
boundary layer rake, psia 


freestream total temperature, OR 
thermal protection system 


longitudinal station on panel, inches (positive 
aft) from centerline 


lateral station on panel, inches (positive star- 
board) from centerline 

















NOMENCLATURE (Cone lLuded ) 





SYMBOL MNEMONTC . ..DEPINDTLON 

é vs vertival dintance from model wall, inehen 

oF, SFO defleetion angle of compressjon shock generator 
from tunnel wall, deg. 

BILB BLE, BRB boundary layer bleed 

BRA BRA boundary layer rake af't 

BRF BRF boundary laeyei rake fore 

Plea PS/PT local static to rake total pressure ratio 
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CONFIGURATIONS INVESTIGATED 


The model consisted of three {interchangeable pane!s. Fach pane] wan 
a full seale replica of a portion of the space shuttle orbiter lower wing 


iad 


earry-through otructure forward of the aft tank strut and prop iiant dines. 
The three panels were: 

lL. A dummy panel made from o threeeineh “lwninun slab with ball} 
inch deep grooves cut in it to simulate TPS tiles as shown in 
figure 2a 

2 A rigid panel with TPS tiles bonded to its outer surface ue 
ghown on figure 2b; and 

3, An elastic panel with TPS tiles bonded on it: — - gurtau v 
with flexible inner surface designed tc cure iimute the edge 

, fixity provided by attachment to ribs and fri:nes in the wing 
carry-through section of the mid fuselage; shown in “isures 


2c and ed. 


= ——_— ee One enn vee 


The panels were interchangeably mounted on a frame. The ‘rame was 
instrumented with 65 static pressure taps and 18 dynamic pressure tranie 


ducers located as given in tables IV and **, The dummy panel was instru- 


i 


mented to obtain dynamic and static pressures as described by figure 2a 
and table V. The rigid and flexible panels were instrumented with «ccel- 
erometers on their inside surface, with the sensitive axis nornal to the 
skin. One of the tiles was instrumented with strain gares to measure 


lateral and longitudinal stresses in the tile coating. 


The panels were either flush mounted on the 11' turmel floor or on 





CONFIGURATIONS INVESTIGATED (Concluded) 


the 9' x 7! tunnel ceiling or mounted on the shock expansion fixture as 
shown in figures 2e and 3. An acoustic box was niounted back of the 
tunnel wall when the flexible ard rigid panels were tested. The internal 
pressure of the acoustic box was controlled during the tests to prevent 
largé pressure differentials across the panel. Its control system was 
designed to vent its internal pressure to tunnel static pressure in the 
event of an emergency shutdown. A compression shock fixture, consisting 
of a flat plate lap located down stream of the panel, was dlso used 
during the test. The flap deflection angle from the wall was varied from 
0° to 87°. A rake, as described by figures 2f, 3g, 3h, 341, and 3k, was 
used to measure pressures in the boundary layer. Two sets of boundary 
thickening devices, as showri in figures 2g, 3j, and 3k, were also used 
during the test. One device was 8-ihches high while the other was h- 
inches high. 


Table TII describes the various model components that were tested. 
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TEST FACILITY DESCRIPTION 


e. Ames 11 x 1l-Ft. Transonic 


The Ames 11 x 11-Foot Transonic Wind Tunnel is a variable density, 
closed return, continuous flow type. This tunnel has an adjustable 
nozzle (two flexible walls) and a slotted test section to permit 
transonic testing over a Mach number range continuously variable 
from 0.4 to 1.4. 


Anes 9 x 7-Ft, Stipersonic 


The Ames 9 x 7-Foot Supersonic Wind Tunnel is a variable density, 
continuous flow type with an adjustable nozzle to permit supersonic 
testing over a Mach number range continuously variable from 1.5 to 
2.5. The nozzle is of the asymmetric, sliding-bilock typé in which 
the variation of the test section Mach number is achieved by trans- 
lating, in the streamwise direction, the fixed-contour block that 
forms the floor of the nozzle. 
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DATA REDUCTION 


Dynainie data from the accelerometers and dynamic pres3ure transducers 
were recorded on a 32 truck tape recorder using 1 inch wide magnetic tape. 
These data were retained by the structural dynamic analyst (name and 
address given on page ii) and are not presented in this report. Tile 
coating stress data were also retained by the same analyst. 

Static and total pressure data were recorded on magnetic tape and 
are presented in tabulated and plotted form in this report. Rake pres- 
sure data were reduced as local static to rake total ratios. Repeat runs 
were averaged and plotted along with individual runs versus distance from 
model wal? (Z) in the data figures. Teble IX relates the source data to 
each averaged dataset plotted. Panel frame pressure data were reduced to 
coefficient form and are plotted versus panel station (X) in the data 


figures. 
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Wind Tunnel 

SS-A012h8 Panels - TPS Meeting 

SS-A01249-1 Installation 81-0 Panels 

SS-A01250 Expansion Shock Body Detail and Assembly 

SS-A01251 Detail and Installation - Acoustic Boxes 

SS-A01252 Detail and Installation - Comp. Shock Flap 

58-A01253 Detail and Assembly - Turbulence Generators 
81-0 Model 

SS-A01287 Kulite Holders 81-0 Model. 

SS-A01289 Boundary Layer Rake 81-0 Model 
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DATE 8 7/29/74 







TEST CONDITIONS 
Pn aad 10.06 psi 





REYNOLDS NUMBER DYNAMIC PRESSURE TAGNATION TEMPERATURE 
MACH NUMBER (million per foot) (pounds /sq.f%. : (degrees Fahrenhest) 
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DATA SET/RUN NUMBER COLLATION SUMMARY 
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MACH NUMBERS (OR ALTERNATE INDEPENDENT VARIABLE } 








im 


E Re See? ae 


a> 


DATA SET/RUN NUMBER COLLATION SUMMARY 


CONTROL. DEFLECTION 






CONFIGURATION 


DATA SET 














COEFFICIENTS 





NDV 


IDVAR 12) 


toVaR it) 


SCHEDULES 





x No pore Add ryt lable 


4 








72 Ss A ae a oe a 


Tor er cee 
Os # yf 





z 
aaa eth 
ote apa a 


Ie 


ve 





vA 

1 
Te: 
om, po 
eee 
rm 
~, on eae 

leimmated I 
- 


1 


TABLE III. MODEL DIMENSIONAL DATA 


MODEL COMFONENT: ACOUSTIC BOX (PLENUM) - AB, (for 9x7 foot tunnel) 


GENERAL DESCRIPTION: Plenum used with panels in 9 x 7 foot tunnel. 





DRAWING NUMBER: 88 AN1251 
SCALE: FULL att 
DIMENSIONS: VALUE 

Length 49.0 

Max Width 25.0 

Max Depth 36.5 
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TABLE III, MODEL DIMENSIONAL DATA (Continued) 


MODEL COMPONENT: ACOUSTIC BOX (PLENUM) « AB, = 24" Deep 
GENERAL DESCRIPTION: Plenum used 


with panels in 12 x 11 foot tunnel, 
DRAWING NUMBER: 88-A01251 


SCALE: FULL — 
DIMENSIONS: VALUE 
With SF) Without SF, 
Length 49.0 49.0 
Max Width 25.0 25.0 
Max Depth 36.5 21.5 
| 
| 
ie 22 
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TABLE ITI, MODEL, DIMENSIONAL DATA (Continued) 


MODEL COMPONENT': 
GENERAL DESCRIPTION: A ovatem of doukle eonical spikes otnegerea da tw 


BOUNDARY..LAYER GENERATOR SYSTEM - BG, 


rows across the tunnel. Distance between rowa ia 2" and the opiken 


are 2" on venterline in each row. 


DRAWING NUMBER: SS-A01?53 





SCALE: FULL 

DIMENSIONS: In. VALUE 
Base diameter 0.4380 . 
Mid-diameter 0.189 | 
Top diameter 0.02 
Height of base cone 1.5 
Height of top cone 2.6 
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PABLE III. MODEL DIMENSIONAL DATA (Continued) 


MODEL COMPONENT: BOUNDARY LAYER GENERATOR SYSTEM - BGo 
GENERAL DESCRIPTION: A system of. double conical spikes staggered in two 
rows across the tunnel. Distance between rows is 2" and the spikes are 
2" on centerline in each row. 
DRAWING NUMBER: SS~-AO1253 
SCALE: FULL 
DIMENSIONS - In. VAWE 
Base diameter 0.390 
Mid-diameter 0.186 eames 
Top diameter 0.2 
Height of base cone 3.0 


Height of top cone Sei 
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TABLE tit. MODEL DIMENSIONAL DATA (Continued) 


MODEL COMPONENT: BOUNDARY LAYER RAKE - BR, 

GENERAL DESCRIPTION: Twenty-tube total head rake used for boundary 
layers up to 14" thick. 

MODEL DRAWING NUMBER: $SS-A01289 


SCALE; FULL — 
TUBE . NO. HEIGHT ABOVE SURFACE 

(IN. ) 

i 0.1 
2 0.2 
3 0.3 
k 0.4 
5 0.5 
6 0.6 
T 0.7 
8 0.8 
g 0.9 
10 1.0 
11 1.75 
12 2.50 
13 3.25 
14 4.0 
L5 6.0 
16 8.0 
17 10.0 
18 12.0 
19 14.0 
20 16.0 
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TABLE ITI. MODEL DIMENSIONAL DATA (Continued) 


MODEL COMPONENT: ELASTIC PANEL -: PA, 

GENERAL DESCRIPTION: Full scale replica of a portion of the lower wing 
carry-through structure ahead of the aft tank strut and propellant lines 
with 2" thick HRSI TPS tiles on its surface. 

DRAWING NUMBER: VL70-090603, SS-A01248 


SCALE: FULL 

DIMENSIONS: VALUE 
Length 544 
Max Width Oh 5 

















TABLE IIT. MODEL DIMENSIONAL DATA (Continued ) 


MODEL COMPONENT: RIGID PANEL - PA, 
GENERAL DESCRIPTION: ‘wo-inch thick slab with 2" thick HRSI TPS tiles 
on its surfacé.. 


DRAWING NUMBER: VL70-090603, SS-AO01248 


SCALE: FULL 

DIMENSIONS: VALUE 
Length, In. 5h. 
Max Width, In. 2h .15 
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Y TABLE TTT. MODEL DIMENSIONAL DATA (Continued) 


MODEL COMPONENT: DUMMY PANEL - PA, 
oD GENERAL DESCRIPTION: Slab with.1/2" deep grooves to simulate tiles. 


SRAR-M2T I S 


ae DRAWING NUMBER: SS-A012h8 
a SCALE: FULL 
DIMENSIONS: VALUE 7” 
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TABLE III. MODEL DIMENSIONAL DATA (Continued) 


MODEL COMPONENT: EXPANSION SHOCK FIXTURE - SF) 
GENERAL DESCRIPTION: Used in ll x 11 f. tunnel. 
DRAWING NUMBER: ss -A01250 


SCALE: FULL 

DIMENSIONS ¢ VALINE 
Length, In. 105.0 
Max Width, In. 60.0 
Max Depth, In. " 15.0 
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TABLE ITI. 


MOLTEL COMPONENT: 
GENERAL DESCRIPTION: 


MODEL DIMENSIONAL DATA (Concluded) 


COMPRESSION SHOCK FIXTURE - SI, 


Used in 9 x 7 tunnel, adjustable from O tc 90 deg. 


DRAWING NUMBER: SS-A01252 


DIMENSIONS : 
Length, In. 
Max Width, In. 


Max Depth, In. 


VALUE 
12.0 
100.0 
0.5 
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STATIC PRESSURE TAP LOCATIONS ON FRAME 


TABLE IV. 
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af Se ee vy MN AMO OY MOO MOAMN MMM MOY 
SCRE Ee hh i hk ekki i Lh ii it 
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TABLE V. DYNAMIC PRESSURE TRANSDUCER LOCATIONS 


a i nee ee ee NES 9+ - 2 age + we | a= — . - ace > = re ~- . —s tte 


IN FAME : IN DUMMY PANEL 

PRESSURE ' X Y _ PRESSURE x Y 

.- Mem) (ae) noe) 

| M1 28.5 13.0 M19 e245 0.5 
M2 -20.5 13.0 M20 -20.5 ' 0.5 
M3 #12.5 13.0 M21 “16.5 0.5 
Mi oh 5 13.0 M2? | o12.5 0.5 
M5 3.5 13.0 M23 | @8 6 0.5 
M6 11.5 13.0 M2k : ~4,5 0.5 
M7 19.5 13.0 M25 ! 0.5 0.5 

| M8 27.5 13.0 M26 3.6 0.5 

| M9 -28.5 0.5 M27 , to 0.5 

| M10 27.5 0.5 M28 1l.: 0.5 

| M11 ~28.5 -13.0 M29 | 15.5 0.5 

| M12 ~20.5 = =13.0 M30, 19.5 0.5 
M13 -12.5 °  =13.0 M3L | 9 23.6 0.5 
Mh “4.5 -13.0 
M15 3.5 | -13.0 
M16 11.5 | -13.0 ; ; 
M1 19.5  ! 13.0 . , 
M18 27.5 -13.0 
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: TABLE VI. ACCELEROMETER LOCATIONS 
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INSIDE OF INSIDE OF FLEXIBLE 
RIGID MODEL MODEL 
Y (INCHES) 





~- 9 EP eG 








ACCELEROMETER x 
NO. (INCHES ) 8.75 | 
Al4 25.32 4 
=21.10 AlO | 
ALS -16 .88 = 
-12.66 = 
e ae) Al6 - 8.44 All ifs 
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TABLE VII. 


BOUNDARY LAYER RAKE TOTAL PRESSURE TAP LOCATIONS 
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SPATIC PRESSURE TAP LOCATIONS ON DUMMY PANET, 
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TABLE IX, PLOTTED DATASET ORIGIN 


Souree Dataseto Used in Averaging Oatput Dataset 


REXOO1, REX00? BEXOM? 

REXOO1 , REXOO2, REX003 BEXO4 3 -— 
_ REX001, REXO02, REX003 BEX037 7 

REX 002 PEX050 7 

REXO15, REXO16, REXO17 BEXOL9 

REXO18, REXO19, REX020 BEXOL5 i 

REXO18, REXO19, REXN2O, REXO?] BEXOL6 i 

REXO18, REXO19, REXO20 BEXOL7 _ 

REXO18 BEX038 

REXO19 | BEX039 





REX020 BEXO4O 


REXO21 | BEXO41 
REXO18 | BEX022 
-ReKOI9 BEX023 
REXO20 BEXO2h 
REXO02, REX003 : BEXO]4 
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Figure 2. Continued. 
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Close-up of RCS Tiles 
Continued, 


Fivrure 3. 


b. 





Continued. 


with Compression Shock Fixture Deflected 
Firure 3. 


Plastic Panels Flush Mounted in the 9' x 7' Tunnel Ceiline 
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Flastic Panel Flush Mounted on the 11° Tmnel Floor 


d. 


Continued. 


Firure 3. 
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: e. Front View of Flastic Panel Mourted on the 


“hock Expansion Fixture in the 11' Tonnei 
Figure 2. Continved, 
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Figure 3. Continued. 
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